Human herpes virus 8 infection is the primary and necessary factor in the development of Kaposi's sarcoma, but is not sufficient per se to trigger the onset of the disease. In order to search for virological cofactors associated with the occurrence of the disease, we investigated the prevalence of active infection by two newly discovered viruses, hepatitis G virus and TT virus, among patients with classical Kaposi's sarcoma. Serum of 24 patients with Mediterranean Kaposi's sarcoma was investigated using polymerase chain reaction and compared with that of 68 healthy subjects. Cutaneous samples from patients with Kaposi's sarcoma and healthy subjects were investigated for TT virus DNA. No patient had serum markers for hepatitis G virus. TT virus DNA was present in the serum of 21/24 (87.5%) patients and 32/68 (47%) controls (p = 0.002). TT virus DNA was present in the lesional skin of 5/18 patients with Kaposi's sarcoma (27.7%), but not in the skin of controls. TT virus might play a role as a cofactor in the clinical emergence of Kaposi's sarcoma in patients infected with Human herpes virus 8, perhaps by immunosuppressive effects or by a common transmission pathway for these two viruses.
In 1994, Chang et al. (1) identified a new human herpes virus called HHV-8, which was associated with all epidemiological subsets of Kaposi's sarcoma (KS) and always present in patients' involved skin. HHV-8 can be transmitted sexually or non-sexually. A maternal-infant transmission has also been described (2) . In a recent study, Brambilla et al. (3) studied the prevalence of HHV-8 seropositivity among the sexual partners of patients with classical KS: 44% were seropositive for HHV-8, but none had developed the disease, suggesting that HHV-8 infection alone is not sufficient per se to trigger the onset of the disease. Other cofactors, such as virological, environmental, genetic, metabolic or iatrogenic factors, might thus be involved in the development of KS, particularly through immune system dysfunction. In order to search for virological cofactors associated with the occurrence of the disease, we investigated the prevalence of active infection by two newly discovered viruses, hepatitis G virus C (GBV-C) and TTV (Torque teno virus), among patients with classical KS. The flavivirus GBV-C, (also designated hepatitis G virus) was identified in a search for hepatitis viruses, but no disease is currently known to be associated with it. The TT virus was first isolated in 1997 in a Japanese patient with acute post-transfusion hepatitis and it was thus considered to be transfusiontransmitted and hepatotropic. The virus was named TT, both in reference to the initials of the first patient with detectable TTV DNA in serum and as an abbreviation of "transfusion-transmitted". More recently however, taxonomists have further proposed that the full name for TTV be Torque teno virus, within the genus Anellovirus (4). Several attempts have been made to link TTV to the aetiology of a specific disease, but no significant association with human pathology has yet been reported.
GBV-C replicates in lymphocytes; inhibits the replication of human immunodeficiency virus (HIV) in vitro; and has been associated with improved survival, improved AIDS-free survival, higher CD4 (+) T-cell counts, and lower HIV viral loads in HIV-infected people compared with people infected with HIV but not GBV-C (5).
The frequent identification of TTV in peripheral mononuclear blood cells suggests that the virus replicates in lymphoid cells and contributes to lymphocyte imbalances with consequent immunosuppressive effects (6) .
Based on these recent findings, GBV-C and TTV may be ideal candidates for use as immunomodulator agents. The aim of this study was to investigate the presence of these viruses in KS.
MATERIAlS AND METHODS
Twenty-four patients (21 men and 3 women; age range 29-97 years; mean 62.9 years), with Mediterranean KS were enrolled in the study. HIV infection was ruled out by serological testing (enzyme-linked immunoassay (ELISA) test: Genscreen Plus HIV Ag-Ab, BioRad, France). In each case, KS was confirmed by histological examination and serological testing for HHV-8 was performed (immunofluorescent assay, Biotrin, Dublin, Ireland) based on the latency-associated nuclear antigen of the virus.
GBV-C RNA was searched for in serum using a reverse transcription-polymerase chain reaction (RT-PCR) method. Briefly, RNA was extracted from serum using QIAamp  Viral RNA Minikit (QIAGEN GmbH, Hilden, Germany) and RT-PCR was performed with AC1S 7AS primers (AC1S: 5'-AGG GTT SGW NGG TSG TAA ATC C-3'; 7AS: 5'-CAA GAG MGR CAT TGA AGR GCG A-3').
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TTV DNA was searched for using a PCR method. Total genomic DNA was extracted from serum using the QIAamp  DNA Minikit (QIAGEN GmbH, Hilden, Germany) and amplified by PCR with a set of specific primers (T801 T935) (7). Amplicons were bi-directionally sequenced using the "OpenGene" sequencing system (7), and the resulting sequences were queried against a library of known genotypes.
As a control group, 68 blood donors matched for age and gender were tested for both serum GBV-C RNA and TTV DNA.
Samples of lesional and normal skin from 18 patients with KS were investigated (the other patients refused the skin biopsy), HHV-8 DNA was searched for in both lesional and non-lesional skin using a specific nested technique, as previously described (1), as to the presence of TTV DNA using the same amplification method than in serum.
TTV DNA was also searched in cutaneous samples obtained from 7 healthy subjects following aesthetic surgery.
The prevalence of antibodies to HHV-8 and positivity for HHV-8 DNA, GBV-C RNA and TTV DNA was defined as the number of positive individuals per total number of those tested. A χ 2 test was used to analyse categorical variables. P-values lower than 0.05 were considered to indicate statistical significance.
RESUlTS
The serological test for HHV-8 was positive in all patients. No patient had serum markers for GBV-C. TTV DNA was present in the serum in 21/24 patients (87.5%) (Fig. 1) . One female and two male patients were negative for TTV. Sequencing of the amplicons confirmed TTV DNA.
TTV DNA was present in 32/68 (47%) control subjects and GBV-C RNA was present in the serum of 3/68 (4.4%).
HHV-8 DNA was detected in lesional skin in all patients (18/18) and in non-lesional skin in 3/18 patients (16.6%). In patients with KS, TTV DNA was present in lesional skin in 5/18 patients (27.7%) and in normal skin in 3/18 patients (16.6%). The three positive patients with TTV DNA in normal skin had TTV DNA in lesional skin as well. None of seven cutaneous samples from control subjects disclosed TTV DNA.
DISCUSSION
The association between KS and a number of viruses including cytomegalovirus, human herpes virus type 6 and 7, human papilloma virus and Epstein Barr virus has been researched without any convincing results (8) .
On the other hand, over 95% of KS lesions, regardless of their source or clinical subtype, have been found to be infected with HHV-8 (2). HHV-8 can be transmitted sexually (9) and by other means. Maternal-infant transmission, whether during labour and delivery or transplacentally, accounts for a portion of HHV-8 infections (10) . The other exact routes of transmission are not known, although HHV-8 has been detected in both saliva (11) and semen (12) from infected individuals. Infection by hepatitis G virus and TTV concomitant with KS has never been studied to our knowledge.
Hepatitis G virus or GBV-C virus is likely to be transmitted by blood exposure more frequently than by sexual route. The prevalence of GBV-C RNA in the serum of a population of healthy French blood donors is rated at 4.2%, according to loiseau et al. (13) . None of our patients had serum markers of active infection by GBV-C, suggesting that this virus is not involved in the occurrence of KS.
The prevalence of TTV in human populations has been continuously re-evaluated, in direct correlation with the design and optimization of DNA amplification systems (7, 14, 15) . The prevalence of TTV DNA presence in serum of the general population from southern France is high, estimated as between 49.5% and 66% (14, 16) , which is consistent with the data from our control group (47%). The difference in TTV DNA prevalence in serum between control group and patients with KS was statistically significant (p = 0.002, χ 2 -test). Moreover, TTV DNA was detected in both non-lesional and lesional skin of patients with KS in 16.6% and 27.7%, respectively, of the investigated samples, whereas it was absent in all samples from the control group. TTV is a newly described DNA virus, whose involvement in human pathological conditions remains elusive. This virus seems to be transmitted by several modes, including blood exposure, based on the high prevalence of TTV DNA in haemophiliacs and dialysed or transfused patients, and, to a lesser extent, sexual intercourse (17) . Conversely, orofaecal transmission might be an important route, as suggested by the high rate of viral excretion in bile (18) . In a recent report (19) , high loads of TTV were found in the nasal secretions of infants, suggesting that the virus may be airborne. In addition, the recent finding of high levels of TTV in saliva suggests that this biological fluid may be an efficient vehicle for virus transmission (20) . In patients with KS infected with HHV-8, TTV might play a role as a cofactor through a common pathway of transmission for these two viruses.
Moreover, TTV may have effects on the host's immune system and aggravate disease induced by other agents. From this perspective, several studies analysed the role of TTV in human tumours (21) (22) (23) ). An increased detection rate of TTV was demonstrated in gastrointestinal tumours and in breast and lung cancer, as well as in leukaemias and multiple myelomas (24) . Indeed, it was demonstrated recently that high TTV loads were associated with severe forms of disease in children hospitalized for acute respiratory diseases (19) . In such children, TTV loads showed an inverse correlation with the percentage of circulating total T cells and helper T cells and a direct correlation with the percentage of B cells (6) . Peripheral blood cells have been shown to harbour TTV DNA, suggesting that the virus might replicate in lymphoid cells and contribute to lymphocyte imbalances with consequent immunosuppressive effects (6) . In this way TTV infection could lead to the clinical emergence of KS in patients infected with HHV-8 by promoting HHV-8 replication and increasing the HHV-8 viral load.
Further studies are necessary to assess the prevalence of TTV DNA in other groups, such as patients with positive HHV-8 serology but no KS lesions, and in other clinical subsets of KS, such as AIDS-associated KS.
The discovery of HHV-8 was a major breakthrough in understanding KS mechanisms but other cofactors are also likely to be involved, as suggested by the low incidence of KS in the HHV-8-infected population. Our findings did not demonstrate an aetiological role for TTV in KS but they certainly raise questions about the significance of TTV in disease pathogenesis and about whether this is mediated via immune system dysfunction. It is justified to pursue the study of TTV infection in humans and to investigate any potential relationship with disease.
Simple prevalence studies in various human populations no longer seem sufficient for this purpose, since it has recently been established that the prevalence of TTV infection is high in healthy populations whenever suitable detection tools are used (14, 16) . The measurement of viral loads in KS patients could be one alternative, but the enormous genetic diversity of TTV makes the simultaneous study of different groups technically difficult for the moment.
